This investigation reveals that the residual chlorine in drinking water is the controlling factor in preventing the presence of coliform bacteria and other biological contaminants. The continuous supply of freshly chlorinated water is important to keep the level of residual chlorine on the safe border. However, increasing the storage time of drinking water affects dramatically on the available residual chlorine, and thus effects the presence of several contaminants including insects, coliform bacteria, and fungi. Therefore, it was strongly recommended to avoid storing the drinking water in open tanks in order to prevent any chemical and/or biological contamination. Nevertheless, filtration through regular home filter that consists of ceramic filter and UV device could eliminate the presence of contaminants including suspended chemicals, bacteria, insects, fungi and turbidity. It also improved the chemical characterization of drinking water.
Introduction
Sinai area is a peninsula in Egypt that characterized by deficiency of water resources [1] [2] [3] [4] . Meanwhile, Drinking Water Treatment Plants (DWTP) in Sinai is facing with limited water supplies. Sources of fresh water to Sinai are supplied mainly from the Nile Valley [4] . As an example the DWTP in El-Taquaddum area T HE PRESENT investigation focuses on the chemical and biological contamination of drinking water as a case study in El-Taquaddum area in Sinai, Egypt. This area used to suffer from deficiency of clean drinking water. The present study investigated the effect of residual chlorine deterioration and the storing period on the chemical and biological quality of drinking water. The results obtained revealed that storing drinking water for long time in closed or open storing tanks deteriorate the residual chlorine that affected the chemical characteristics and biological contamination of drinking water. Correlation between the closed storing tanks and the open ones in terms of the chemical and biological quality of drinking water as affected by the residual chlorine was studied extensively.
This investigation reveals that the residual chlorine in drinking water is the controlling factor in preventing the presence of coliform bacteria and other biological contaminants. The continuous supply of freshly chlorinated water is important to keep the level of residual chlorine on the safe border. However, increasing the storage time of drinking water affects dramatically
It was recorded that an epidemic of Cholera and Typhoid were dramatically spread in London due to the contamination of water by sewage [5] . It is well known that chemical contamination of drinking water represents a fatal health risk to Man and organic lives as well. Meanwhile, it is well documented that coliform test is used as an indicator of sewage contamination originated from intestinal organisms [6] . Therefore, the chemical and bacteriological examination of fecal coliform is essential for a safe drinking water as well as the swimming water. Nevertheless, proper and accurate interpretation of results should be achieved within the field monitoring to reveal if there are possible sources of chemical or biological contamination [4, 7] .
In most Drinking Water Treatment Plant (DWTP), the conventional disinfection method is achieved by the addition of chlorine to the treated water to assure biological safety [4] . It is well known that chlorine has bactericidal disinfection effect [4] . However, chlorine also reacts rapidly with certain organic compounds to form variable chloramines compounds. Within thirty minutes of contact time with water and at neutral pH, the residual free chlorine can be detected. This is the uncombined chlorine that kills the bacteria [8, 9] . If the chloramines are formed, thus; extra chlorine is required within the range of 2 to 3 mg/l to compensate for the consumed chlorine depending on the water , s pH [10] .To get rid of viruses, it requires between 3 to 4 mg/l of chlorine at a pH 8 [7] . On the other hand, Fungi are ubiquitous chlorophyllous heterotrophic organisms that are characterized by an organized nucleus [7] . Fungi are a large and diverse group of encaryotic organisms. In the aquatic environment, this group is active in degrading organic substrates [11] . Fungi can be found wherever non-living organic matters occurs [11] . Some species are pathogenic and others are parasitic [11] . Near the source of spring water, the number of fungus spores is usually minimal [9, 11] . Heavily contaminated waters possess large numbers of soil fungi [11] .Thus, the association of fungus and organic load as contaminants suggests that fungi is a useful as powerful indicators of pollution in the environment [12] . However, no specific or single species or group of fungi can be identified as important in such indication of pollution [9] . The amount of residual chlorine or other chemical disinfectants that are required for fungus control is variable [4] . In this respect, some fungi, particularly the Trychomycetes have their own amoeboid stages [7] . Such fungi inhabit the hind gut of certain worms, mosquito larvae, etc… [12, 13] . Storing drinking water in open tanks to the atmosphere could be the main source of chemical and biological contamination including fungal input, source of worms, mosquito larvae and flies [12, 13] . 
Materials and Methods
An intensive sampling program was designed to collect drinking water samples from different open and close storing tanks that were used to keep drinking water in a selected area, namely, El-Taquaddum in Sinai. The samples were taken every two successive weeks for a period of 6 months continuously. This drinking water was previously treated by the local Drinking Water All drinking water samples were collected from the storage tanks of different seven houses of the village. The selected seven houses are given serial numbers from 1 to 7. The collected water samples were subjected to the following examinations: 1. Physical and chemical characteristics, 
Physical and chemical examination
The physical and chemical characteristics of drinking water including turbidity and residual chlorine were immediately determined in situ in freshly collected samples according to "Standard Methods" [14] . The physical characteristics included pH, Temperature, and electric conductivity were also determined. The chemical characteristics include: total dissolved solids, chlorides, residual chlorine, sodium, potassium, calcium, nitrates, nitrites, and phosphate were also investigated. For the detection of residual chlorine, the stored water samples were daily collected for a period of five days. The daily drinking water samples were also collected for a period of two weeks for the detection of the presence of any insects. The samples were collected in sterile bottles to avoid any biological contamination.
Microscopic examination Detection of insect contamination
One liter sample of the stored water is collected for detection of any type of insects.The stereomicroscope is used to classify the insects.
Fungi examination
Primary examination was carried out to investigate the presence of fungi using the microscopic examination of the freshly collected and stored water samples. Thus, one ml of each sample was introduced into a Petri-dish and was examined under a stereomicroscope at a magnification of (x 40). The concentrations and prevalence of different fungi structures were estimated. The grown fungi on sabouraud media and incubated at 22 0 c were also investigated and classified. Fungal colonies were isolated by transferring to slants of sabouraud dextrose agar according to APHA [14] . Each one ml of these isolated colonies was examined for the detection of the Fungi.
Microbiological examinations: Detection of bacterial contamination
The coliform bacteria were determined in the drinking water samples according to the Standard Methods [14] . This study was carried out by examining five different replicates from each water samples.
Filtration of the stored water:
The stored water was allowed to flow through a regular home filter that is consists of five successive units. The filtration system includes one carbon column and one ceramic column. Water samples of the inlet and the outlet of the filter were examined for the detection of fungi, bacterial count and physical/chemical characterization.
Results and Discussions

Physical and chemical characteristics of the drinking water
The physical and chemical characteristics of the collected DW from both closed and open storing tanks that were stored for 5 days were determined ( Table 1 ). The samples were collected from 7 different locations. The given results showed that the open storing tanks are; generally; characterized by higher turbidity and TDS in correlation with the closed tanks ( Table 1) .
It can be noticed that within 5 days the residual chlorine was completely disappeared in all the studied open and closed storing tanks. After 4 days in closed storing tanks, only 3 out of the 7 samples contained 0.1 mg/l residual chlorine (Table 2) . Such residual chlorine disappeared in the rest of the samples (i.e. zero mg/l residual chlorine). 
Effect of the storing time of the residual chlorine:
Results in Table 2 shows that the initial concentration of the residual chlorine was 2.7 mg/l. A noticeable decrease in this concentration was determined in both closed and open tanks. Thus, a remarkable decrease in the residual chlorine in stored water was recorded as the storing time increase (Table 2 ). This decrease was true in both closed and open storing tanks. In the closed tank, residual chlorine decreased within one day by the rate of 44.4% (i.e. the residual chlorine decreased from 2.7 to 1.5 mg/l). In the open tank, the residual chlorine decreased by the rate of 59% during the same time (i.e. from 2.7 to 1.1 mg/l). Furthermore, in the closed tank, residual chlorine disappeared after four days. But it took only two days for the residual chlorine to disappear in the open tank.
Role of storing time of drinking water on the contamination with insects:
The fresh water was subjected to the microscopic examination for the detection of any type of insects or insect's stages (larva, pupa and adult) in the studied samples ( Table 3 ). The open tank exhibited the presence of several insects during the storing periods. After storing the water for four days, two individuals of two different insect species were found namely Cataglyphis bicolor F. Formicidae O. Hymenoptera and Culex pipiens (larva) F. Culicine O. Diptera and they were found dead. Increasing the storing time showed a gradual increase in the insect's density to 11, 24 and 36 after 7, 10 and 12 days, respectively (Table 3) . Within 14 days the open tank received 51 different insects (Table 3) . Several insects were detected during the period of investigation. On the contrary, the closed tank was completely protected (Table 3) , where no presence of any insect was detected. This can be attributed to the continuous replacement of fresh water in the tanks for the daily consumption. Thus, the residual chlorine in the fresh water is another factor to support the quality of water in the closed tank. Therefore, it is important to stress on storing drinking water in clean and well closed tanks.
It is worth mentioning that some of the investigated insects were found in active stage like larva of Culex mosquito, others were found in adult stage like dead ants, house fly, and some beetles (order Coleoptera). Examination of these insects indicated that the majority were non-aquatic and were found dead. There is no doubt that the source of these insects was the surrounding environment. All the detected insects fell down into the open stored tanks water. However, certain aquatic insects like mosquitoes are; usually; searching for an aquatic medium to lay their eggs on the water surface, which after hatching they give rise to mosquito larvae in active stage [13, 15] .
Micro-biological contamination of the stored drinking water:
The role of insects in the contamination of drinking water by microorganisms was studied. This investigation was carried out for the detection of both fungal and bacterial contamination in the stored drinking water in comparison to the presence of the same contaminants as well as the presence of insect and/or the residual chlorine according to the storing time ( Table 4 ). The given results showed that the contamination by bacteria took place in both the open and the closed storing tanks in relation to the disappearance of chlorine (Table  4) . In the open tanks, the total bacterial coliform count reached 2.1 as MPN-index /100 ml after 6 days storing period. By increasing this storing period the bacterial coliform count increased to 8.9, 12.8, 15.0 and >15 as MPN-index /100 ml after 8, 10, 12 and 13 days respectively. During these periods the residual chlorine (mg/l) was down to zero mg/l (i.e. disappeared completely) ( Table 4) . On the other hand, the bacterial coliform count was also detected in the closed tank after the disappearance of the residual chlorine (Table 4) . The results showed that after 7 days the bacterial coliform count was 1.0 as MPN-index /100. By storing the drinking for longer time, the bacterial count increased by increasing the storing time. By storing this water up to 14 days, the bacterial coliform count reached 9.1 as MPN-index /100 (Table 4) .
It is important to mention that there is a close relation between the presence of insects and the bacterial coliform count in the open tanks (Table  4) . Increasing the density of the accumulated insect increases the bacterial coliform count (Table 4) .
Drinking water contamination with Fungi as affected by storing period:
Role of chlorine on the density of fungi was studied extensively. Contamination of the stored water with fungi was determined in the studied Table 4 . These results indicate a variation in the density of Fungi in relation to the residual chlorine in the storing tanks. The contamination in the open storing tanks was higher with fungi colonies than the closed tanks (Fig. 1) . Fungi colonies were first detected in the closed tank in the 9 th day. Before the 9 th day, stored water in the closed tanks was clear from any fungus contamination (Table 4) . On the other hand, the fungi colonies in the open storing tank were detected on the 8 th day (Table  4) . Meanwhile, the results showed that increasing the storing time in the closed tanks increases the fungi colonies, where the fungi colonies increased up to 2, 3, 4, and 5 after storing for 10, 11, 13, and 14 days respectively ( Table 4) . The results are also illustrated in Fig. 2 . Furthermore, the results (Table 4) indicated that the fungi colonies in the open tanks were higher than that in the closed tanks, where the fungi colonies were 4, 5, 5.5, and 6.5 corresponding to storing period of 9, 10, 11 and 13 days. The presence of fungi may be attributed to the disappearing of chlorine in the stored water. Figure 3 illustrates the incrrase in the presence of both insects and the coliform count in the open tanks. This results indicates that increasing thr number of insects increases the coliform count.
The studied samples were further examined for the investigation of the different fungi species in the stored drinking water. The densities of certain species were found in remarkable variation. These species were Fusarium sp., Aspergillus Niger, Penicillium sp., Mucorales risobs, and Caldosporidium pegmentedis. However, the most abundant species was Aspergillus Niger. Meanwhile, the density of the other investigated species was found in fewer quantities with variable density from sample to another. Thus, the density of fungi can be arranged in most of the samples according to the following decreasing order:
Peniciliur sp. > Aspergillus Niger > Mucorales risobs It was noticed also that Aspergillus Niger and Penicillus sp. were disappeared in some collected samples. Meanwhile, Mucorales risobs were predominant in the same samples. On the contrary, in some other samples Mucorales risobs were disappeared while Aspergillus Niger was predominant. It is important to mention that some Caldosporidium pegmentedis sp. was found mainly in the samples collected from the sites 3, 5 and 7.
Thus, it can be confirmed from the given results that storing water in the closed tanks prevents the contamination by insects, fungi and bacteria.
Filtration of the stored water:
Water filtration is well known process for the removal of suspended solids as well as certain biological contaminants including algae, bacteria, and Fungi [16] . The efficiency of removal depends on several factors including the type, pore size and the media of the filter [16] [17] . The flow rate is another controlling factor [16] . Filters that are regularly used at home are very common these days. That is why it was found important to examine the efficiency of such filters on the removal of fungi, bacteria, turbidity and other contaminants from the stored water.
Results obtained (Table 5) showed that the 5 units filter is capable of removing the studied biological contaminants including turbidity, bacteria, and Fungi. The dead insects were, probably, retained out of the filter pores. The bacterial count and the fungi count were both below minimum detection limits (Table 5 ). This could be attributed to the presence of UV device as a column that is responsible for the disinfection of bacteria. Meanwhile, the removal or the retaining of fungi is referred to the presence of ceramic filter as micro-filter among the filtration system that retained the fungi.
These results indicate that the home filter system is capable of removing the contamination of the stored drinking water; namely; the bacteria and fungi. It could also retain the insects and decreases the turbidity as well.
Conclusions and Recommendations
Storing drinking water in open tanks is absolutely hazard due to loss of chlorine that prevents the water from bacterial contamination.
Meanwhile, the open tank is greatly exposed to the falling insects, fungi, etc… Falling insects in water can be the source for other contaminants such as bacteria, fungi, and turbidity.
Thus, storing drinking water in well closed tanks is important. Nevertheless, storing water for more than 2 days is not recommended to prevent the possibility of contamination as a result of chlorine disappearance.
On the other hand, storing drinking water in the closed tanks is important but the storing time should not exceed 2 days. Meanwhile, the residual chlorine in drinking water is the controlling factor to prevent the presence of coliform bacteria. This can be attributed to the continuous supply of freshly chlorinated water.
From these results it can be concluded that increasing the storage time of the water affects dramatically on the available residual chlorine, and thus effects the presence of other contaminants including coliform bacteria, and fungi. Therefore, it is strongly recommended to avoid storing the drinking water in open tanks in order to prevent any biological contamination. Furthermore, it can be concluded from the obtained results that filtration through regular home filter that consists of ceramic filter and UV device could eliminate the presence of contaminants including bacteria, insects, fungi and turbidity.
